Physiotherapy is commonly used to treat mucus retention in patients with chronic airflow obstruction. These patients often have increased mucus production in addition. Although retention of mucus is a complex problem and due to many different factors physiotherapy is usually given. The forced expiration technique,l" in which a forced expiration with an open glottis is carried out at different lung volumes, is commonly used in an attempt to mobilise mucus by providing a high expiratory axial airflow velocity in the airways. ' We wondered whether forced expirations were less useful in patients with mucus production who have decreased elastic recoil pressure than in patients with mucus production and normal elastic recoil pressure. The aim of the present study was to evaluate spontaneous mucus clearance, the effect of forced expirations with an open glottis at different lung volumes, and the effect of coughing in patients with sputum production. We studied two groups of patients with similar degrees of airways obstruction, one with normal elastic recoil pressure and the other with decreased elastic recoil pressure. For convenience we have labelled the two groups "chronic bronchitis" and "emphysema."
Methods

MUCUS CLEARANCE MEASUREMENTS
Mucus transport in the lungs was measured as described elsewhere.9 In summary, a radioactive aerosol was generated by means of an intermittent positive pressure respirator (Bennet AP-5); the nebuliser was filled with 35-50 MBq (1-15 mCi) technetium-99m labelled tin colloid (Amersham; 95% of the particles 1-15 gum). In this way, a heterodisperse aerosol is produced and 10-15% of the tracer would be deposited in the airways after 40 inhalations. After inhaling the aerosol patients were asked to wash their mouth and drink water to clear their throat and oesophagus of radioactive tracer. The initial whole lung deposition pattern was quantified by expressing the amount of radioactive tracer in the central and peripheral regions as percentages of whole lung deposition. In each of the four studies the radiation dose to the lungs with this method is 0-6 mGy (60 mrad) and the effective total body radiation dose 0.1 mGy (10 mrad).'°C learance measurements were made with the patient lying supine. A gamma camera was positioned behind the thorax and linked to a computer for continuous acquisition of one minute frames for 35 minutes. For data analysis an oval central region was determined visually on the monitor. The size of this region was recorded on the basis of the length of the x and y axes. The peripheral region was defined as the total lung region minus the central region (fig 1) . Thus the sizes of the central and peripheral regions were individually reproducible over the four days of measurement. The total amount of radioactive tracer in both lung regions was printed out after correction for physical decay. The results were expressed as percentages of the starting value, defined as the amount of radioactive tracer measured in the period 0-1 minute. The decrease of radioactive tracer was van Mucus clearance measurements were performed on each study day. The protocols were started after inhalation of the radiolabelled aerosol. After each protocol the patient was asked whether the treatment had been effective in clearing the lungs. None of the patients had used the forced expiration technique previously. During each protocol the patients were required to lie supine for 35 minutes. Protocols II, III, and IV were used in a randomised order; protocol I was carried out on the first study day. The four protocols were:
Protocol I This was used for control measurements and for measuring spontaneous mucus clearance. No physiotherapy was performed. Protocol II The patients breathed undisturbed for the first 10 minutes. Forced expirations with an open glottis were then performed from total lung capacity (TLC) every 30 seconds for a further 10 minutes. Patients then coughed as productively as possible every 30 seconds for five minutes. The last 10 minutes again consisted of undisturbed breathing. Protocol III This was the same as II except that the forced expirations were now performed at functional residual capacity (FRC) . Protocol IV This consisted of 10 minutes of undisturbed breathing followed by a period of coughing every 30 seconds for 15 minutes. The patient then breathed again undisturbed for 10 minutes.
The patient took a drink of water to clear the oesophagus of radioactive tracer after the forced expiration periods and after the coughing period. STATISTICAL :Significant difference between patients with emphysema and those with bronchitis.
S-inhalation corticosteroid; I-ipratropium bromide; T-theophylline; B-beta agonist; VC-slow inspiratory vital capacity; FEV,/FIV,-forced expiratory volume in one second as a percentage of the forced inspiratory volume in one second; TLC-total lung capacity; RV-residual volume; C-compliance. . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (0-10, 10-20, 20-25, 25-35 minutes) (fig  2) or in the whole period (0-35 minutes).
Chronic bronchitis
There was no significant difference in peripheral mucus clearance between the four protocols in the period 0-10 minutes, when no physiotherapy was given. For the period 10-20 minutes peripheral mucus clearance during protocol I (control) was significantly lower than during the periods when forced expirations were performed at TLC (protocol II) or FRC (protocol III) or the patient was coughing (protocol IV) (p < 0 05) (fig 3) . Central mucus clearance during this period did not differ significantly between the four protocols. There were no significant differences in peripheral mucus clearance in the periods 20-25 minutes or 25-35 minutes or in the whole period (0-35 minutes) between the four protocols.
No significant differences in central mucus clearance were observed between the four protocols. Be-bronchitis, clearance from the peripheral region; E--emphysema, clearance from the peripheral region.
Comparison of patients with emphysema and patients with chronic bronchitis Spontaneous peripheral mucus clearance, as measured in protocol I over 35 minutes, was significantly higher in the patients with emphysema than in the patients with chronic bronchitis (p < 0 005); (fig 4) . Central mucus clearance, however, was similar in the two groups during protocol I. There were no significant differences in peripheral or central mucus clearance between the two groups of patients for the other three protocols.
Discussion
Our study showed that spontaneous mucus clearance from the peripheral lung region was greater in patients with decreased than with normal elastic recoil pressure. We observed no significant differences in central mucus clearance between the two groups of patients. We tried to match the patients in the two groups with respect to smoking habit and FEVI % predicted. Although a complete match was not achieved we do not think that this had an important influence on our results; airflow obstruction is likely to have a minor role in spontaneous mucus clearance during tidal breathing. The We observed no significant difference between forced expirations carried out at TLC and at FRC. The higher elastic recoil pressure during forced expiration at TLC does not apparently increase air flow velocity sufficiently to increase mucus transport to a greater extent than a forced expiration at FRC.
Several authors have suggested that physiotherapy is effective only when the mucus expectoration is more than 30 ml a day.'9 Our study has shown that both forced expirations and coughing are also effective in patients who expectorate less. Expectoration of mucus may not lead to an improvement of lung function but it may contribute to the prevention of pulmonary infections.
In conclusion, mucus clearance was considerably less in our patients with chronic airflow obstruction and normal elastic recoil pressure than in patients with chronic airflow obstruction and decreased elastic recoil pressure. Forced expirations were less effective in treating retention ofmucus in patients with low than with normal elastic recoil pressure.
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